fecal fat excretion has shown that, in 98% of a group of normal subjects and patients with malabsorption, a normal fat excretion is associated with a rise in the serum lipids of more than 90 mg./lDO ml, after the meal and an abnormal fecel fat excretion with a rise of less than this and that the assessment of malabsorption by means of the serum lipid rise test can be obtained in less than one day compared with four to six days when the assessment is based upon fsecal fat studies.
• Faecal fats (g./24 hr.) 0
Vitamin B l2 in food is virtually confined to animal products, and is mainly protein-bound. It occurs in several forms-c-eo-enzyme B l2 • methylcobalamin, hydroxocobalamin and cyanocobalamin, co-enzyme B l2 probably predominating. Most of the work on absorption has been SOUTHERN ENGLAND AND SOUTH WALES REGION Meeting held in London, February, 1967 Intestinal Absorption of Vitamin B 1 2 and Folic Acid D. M. MAITHEWS
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The absorption of vitamin B l2 cannot be Vitamin B l2 und Intrinsic Factor, 1962; Wisedealt with adequately in any short paper. The man, 1964; Lester Smith, 1965; Matthews, 1967. aim of this paper is to give a concise account of modem views on the subject, necessarily oversimplified, and to elaborate a few points which the author regards as particularly interesting. When no reference is quoted, the reader is referred to the following: Herbert, 1959; Mollin, 1959; Grasbeck, 1960; Wilson, 1962 Wilson, , 1964  done with cyanocobalamin, but it is likely that the mechanism of absorption of the other forms is basically similar. Intrinsic factor (I. F.) is a mucoprotein or mucopolypeptide necessary for the absorption of B u from the intestine. It is secreted, in man, by the parietal cells of the fundus and body of the stomach. A recent preparation of human I.F. (Grasbeck, Simons and Sinkkonen, 1965 ) has a M.W. of about 100,000 and binds two moles of cyanocobalamin per mole; it can break down into smaller units still retaining LF. activity.
The first stage in B u absorption is the separation of the vitamin from the proteins to which it is bound, and its binding to LF. This probably occurs quite high in the small intestine, since protein digestion is well advanced in the duodenum and upper jejunum. The second stage, which probably occurs mainly in the lower ileum, is attachment of the B 12-LF. complex to special sites on the luminal membrane of the intestinal epithelial cells.
This process is calcium-dependent, but independent of metabolic energy. The third stage is transport into the mucosal cells. This is dependent on metabolic energy, but the mechanism involved is unknown; it may be pinocytosis. It is not yet clear whether B 12 goes into the mucosal cells alone, or accompanied by intrinsic factor. Some workers believe that the whole B 12-LF. complex goes into the cells, and that within them it is broken down by a "splitting factor" (perhaps an enzyme)-but the existence and nature of this factor are not well established.
The process of transport through the mucosal cells takes several hours. Finally, the B 12 enters the bloodstream. It is bound at an early stage to a~-globulin ("transcobalamin II") and later transferred to the a-globulin ("transcobalamin I") which carries the bulk of the B 12 in the blood. Much of the absorbed B 12 is taken up by the main storage organs, liver and kidney. A proportion is re-excreted in the bile, so that there is an enterohepatic circulation. The fate of the LF. is uncertain, though it has been claimed that it is absorbed into the blood ("circulating I.F.") and is concerned in tissue uptake of Bu.
The physiological absorption mechanism for B 12 is highly unusual, and in two ways appears to be unique. Firstly, the maximal absorptive capacity of the normal (LF.-dependent) absorptive mechanism is extraordinarily limited, and in man is only about 2~g, or of the order of 10-0 moles, which is little greater than the daily requirement. This contrasts with the relatively free absorption of many other water-soluble vitamins. Secondly, it seems that the molecules of B 12 (M.W. over 13(0) must combine with even larger molecules ofLF. before they can pass the intestinal barrier. Attempts to explain this feature of the mechanism are still very speculative, but the following suggestions have been made. The cell membrane of the intestinal absorptive cells contains a layer of lipid, and some physiologists believe that it is penetrated by water-filled pores, through which watersoluble substances may be absorbed. If these hypothetical pores exist, the B 12 molecule, though water-soluble, is much too large to pass through them. It is insoluble in lipids, so that it cannot go through the lipid part of the membrane. The attachment of B 12 to intrinsic factor, a mucoprotein, could be to enable it to be absorbed by pinocytosis (as whole proteins are in newborn animals) thus circumventing the problem of absorption of such a large watersoluble molecule intact (Wilson, 1963) .
There is in fact a second mechanism for B 12 absorption, though this probably does not operate to a significant extent under physiological conditions. This is the "non-LF.dependent" mechanism. If very large doses of free B 12 are given, a small proportion (about 1%) can be absorbed without intrinsic factor. The nature of this mechanism, which works even in pernicious anemia, is not clear. It could be a process of diffusion through discontinuities in the lining of the intestine. It is of some practical importance as it has been utilised therapeutically in the maintenance of cases of pernicious anemia. The existence of this mechanism may also explain, at least in part, the response of cases of pernicious anemia to large amounts of raw liver by mouth.
According to Heathcote and Mooney (1958) intrinsic factor does not exist, and B u is normally absorbed as a Bu-peptide complex, but other workers in the field are unanimous in considering that the evidence for the intrinsic factor mechanism is overwhelming.
Defects of B 12 absorption may be classified in two main groups (1) those due to lack of LF. resulting from gastric lesions, and (2) those due to defective intestinal absorption. The commonest condition in theftrst group is pernicious aneemia, in which the gastric mucosa undergoes atrophy, possibly as the result of an auto-immune process (the role of auto-immune phenomena in pernicious aneemia is not yet fully understood).
In adult pernicious aneemia, the failure of I.F. secretion is almost invariably accompanied by failure of secretion of HCl and pepsin. In "juvenile pernicious anremia"-a rare condition -I.F. secretion is congenitally absent while the other gastric secretions are normal. However, pernicious anemia in childhood may also be acquired, and accompanied by evidence of general damage to the gastric mucosa. After partial gastrectomy, some I.F.-secreting mucosa usually remains; impairment of B l2 absorption severe enough to lead to deficiency is not uncommon but does not usually develop unless the mucosa of the gastric remnant undergoes atrophy. Inability to absorb B l2 is inevitable after total gastrectomy and in any condition in which the gastric mucosa is completely destroyed. The second group includes impairment of the cellular transport mechanisms, as in the "malabsorption syndrome" (idiopathic steatorrhoea, coeliac disease and tropical sprue), lesions of the intestinal wall (e.g. regional ileitis, intestinal tuberculosis) and resections of the small intestine, particularly those involving the ileum. Apparently isolated intestinal transport defects for B l2 have also been described. The "blind loop syndrome" in which there is malabsorption of B l2 and sometimes fat, in association with bacterial growth in blind loops of small intestine small intestinal diverticula, or enteroanasto moses, is not fully understood-both uptake of B l2 by the organisms and the effects of toxic substances on intestinal transport may be involved.
A particularly interesting, though probably relatively uncommon type of situation can arise when B l2 deficiency itself causes malabsorption. Evidence is accumulating that B l2 deficiency can depress the intestinal transport of several substances, including B l2 , and it may also depress gastric secretion. It seems likely that initial lack of intrinsic factor, by causing B 12 deficiency, may eventually bring about intestinal malabsorption of B l2-or conversely, initial malabsorption of B l2 may eventually cause an intrinsic factor deficit by the same means.
These vicious circle situations may explain some cases of co-existent pernicious anemia and malabsorption, and some of the obscurer cases of temporary absorptive defects for B l2 which disappear after treatment with the vitamin.
Tests of B l2 absorption are usually carried out with Co-labelled cyanocobalamin, and involve measurement of fecal excretion, hepatic uptake, plasma concentrations, or urinary excretion (Schilling test) of radio-activity after an oral dose. If absorption is subnormal, the test is repeated with intrinsic factor. An improvement in absorption after intrinsic factor suggests an intrinsic factor deficit; no improvement suggests impairment of intestinal absorption. Direct assays of intrinsic factor secretion are now possible, and have greatly increased the scope of investigation, especially in more complex cases. A further adjunct to investigation is the assay of antibodies to gastric mucosa and to intrinsic factor.
Folic Acid
Folic acid (pteroylglutamic acid) is a watersoluble compound of fairly high molecular weight (441), the molecule containing glutamic acid, para-aminobenzoic acid and pteridine components. It occurs in animal tissues in several metabolically active forms, and also in green leaves, yeast and other vegetable foods, in which it is largely conjugated with up to six additional molecules of glutamic acid. Comparatively little work has been done on the physiology of absorption of folic acid. Free folic acid is quite rapidly and readily absorbed, probably under normal circumstances, mainly in the upper small intestine. The details of the transport mechanism are not clear, but there is evidence suggesting that a special mechanism is involved (Burgen and Goldberg, 1962) . Recent work indicates that folic acid may undergo extensive metabolic transformation during absorption, being converted to Ns-methyltetrahydrofolic acid (Baker, Frank, Feingold, Ziffer, Gellene, Leevy and Sobotka, 1965) . It has been suggested that polyglutamates must be split by intestinal conjugases during absorption. Baker, Frank and Sobotka (1964) consider that higher conjugates are deconjugated, and folic acid conjugated, to a "glutamyl stage" specially suitable for intestinal absorption.
Tests of folic acid absorption are based on microbiological estimation of urinary excretion after an oral dose, or on estimation of radioactivity in plasma, freces or urine after an oral dose of tritiated folic acid. All routine tests involve the use of free folic acid, and have the disadvantage that one is not really certain how relevant they are to the absorption of folic acid in the forms in which it occurs in food; this question requires further investigation. Malabsorption of folic acid is common in idiopathic steatorrhoea and ceeliac disease, and is a major feature of tropical sprue. In lesions of the intestinal wall it is probably less common than malabsorption of B l2 •
In "anticonvulsant megaloblastic aneemia," which sometimes occurs in epileptic patients treated with large doses of barbiturates and other anticonvulsants, tests of absorption of free folic acid are almost always normal, and the condition is generally held to be due to some sort of interference with folate metabolism by the drugs. Nevertheless, the possibility of a malabsorptive element in some cases at least has not been entirely excluded. Instances of reversible absorptive defects for B 12 and also xylose have been reported in this condition, and in at least one such case the type of "vicious circle" malabsorption mentioned above may have arisen (Lees, 1961; Reynolds, Hallpike, Phillips and Matthews, 1965) . Whether these absorptive defects were due to a direct effect of the drugs on intestinal absorption, or were secondary to an effect of the drugs on folate metabolism, is not clear. Malabsorption of folic acid has recently been reported in alcoholism (Halsted, Griggs and Harris, 1967) . The possible role of malabsorption of folic acid in megaloblastic amemia of pregnancy is controversial.
In spite of the extent of the investigations already carried out, and the ease with which an apparently cut-and-dried account of the absorption of vitamin B 12 and folic acid may be constructed, it is clear that very many problems still remain. These include not only those of absorptive disturbances, but the basic biochemistry and physiology of the absorptive mechanisms.
